This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

^X^BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Volume 49(8): 983-987, 2001 



The Journal of Histochemistry & Cytochemistry 

http-V/www jhc.org 



^ARTICLE 



Immunohistochemistry of Omega Class Glutathione 
^-Transferase in Human Tissues 



jhan-Li Yin, Jane E. Dahlstrom, David G. Le Couteur, and Philip G. Board 

Canberra Clinical School of the Sydney University, The Canberra Hospital (ZLY,DGLC,JED); Department of Anatomical 
pathology, The Canberra Hospital (JED); and Division of Molecular Medicine, John Curtin School of Medical Research 
|pGLC,JED,PGB)," Canberra, Australia 

f 'A 

Pi". 

NUMMARY Omega class glutathione transferase (GSTO) has been recently described in a 
jurhber of mammalian species. We used immunohistochemistry to determine the cellular 
rid tissue distribution of GST01-1 in humans. Expression of GST01-1 was abundant in a 
f)ie range of normal tissues, particularly liver, macrophages, glial cells, and endocrine cells. 
l£also found nuclear staining in several types of cells, including glial cells, myoepithelial 
Hps' of the breast, neuroendocrine cells of colon, fetal myocytes, hepatocytes, biliary epithe- 
wm, ductal epithelium of the pancreas, Hoffbauer cells of the placenta, and follicular and 
&£i]s of the thyroid. These observations and the known activity of GST01-1 suggest biolog- 
lB/unctions that are not shared with other GSTs. (J Histochem Cytochem 49:983-987, 2001) 
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§f athione S-transferases (GSTs) are a family of 
|nes that detoxify xenobiotics, primarily by catal- 
the nucleophilic attack of reduced glutathione 
.ectrophilic compounds. In humans, the cytosolic 
£can be divided into six major classes: alpha, mu, 
a, theta, and zeta. These isoenzymes are found 
garige of tissues, and their expression has signifi- 
biological and clinical implications, including 
resistance and carcinogenesis (Hayes and Pulford 
||oard et ah 1997). 
[ehtly, a new human GST isoenzyme was identi- 
c-analysis of the Expressed Sequence Tag (EST) 
st (Board et al. 2000). This isoenzyme has 
Structural and functional characteristics and 
|nts a new GST class termed omega (GSTO), in 
ance with the established human GST nomen- 
£onvention (Mannervik et al. 1992). GSTOl-1 
gfier of identical subunits with a characteristic 
md composed of an N-terminal glutathione- 
J domain and a C-terminal domain composed 
fof a-helices (Board et al. 2000). Unlike other 
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GSTs, GSTO has thiol transferase and dehydroascor- 
bate reductase activities. In addition, recent studies 
have shown that GSTO has structural similarities to a 
family of intracellular chloride channels (CLIC pro- 
teins) and is able to modulate cardiac ryanodine recep- 
tor calcium release channels (Dulhunty et al. 2001). 

To learn more about the role and significance of the 
omega class GSTs we investigated the expression of 
GSTOl-1 using immimohistochemistry in a wide 
range of normal human tissues. 

Materials and Methods 

Polyclonal antiserum was prepared in rabbits by immuniza- 
tion with recombinant human GSTOl-1 that had been ex- 
pressed in E. coli and purified by means of an N-terminal 
His tag (Board et al. 2000). To remove antibodies to £. coli 
and other nonspecific crossreacting components, the antise- 
rum was absorbed against ultrasonicated E. coli before dilu- 
tion and use in immunohistochemical studies. The specificity 
of the antiserum was confirmed on a Western blot of homo- 
genates from human liver and Jurcat cells. The antiserum re- 
acted with a single protein that corresponded in size to puri- 
fied recombinant GSTOl (data not shown). 

Archival paraffin blocks of surgical pathology specimens 
or postmortem tissue specimens from the Department of An- 
atomical Pathology at the Canberra Hospital were used to 
obtain tissue sections for immunohistochemistry. In all cases 
the tissue had been fixed in 10% neutral phosphate-buffered 
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formalin before processing and embedding in paraffin. A pa- 
thologist (JED) examined the hematoxylin and eosin sec- 
tions to exclude light microscopic pathology. At least three 
samples of each site from different subjects were selected. 

Sections were cut at 3 jtm onto slides coated with 3-amino- 
propyltnethoxy-silane (Sigma; St Louis, MO). Sections were 
depararrmized and endogenous peroxidase blocked with 3% 



hydrogen peroxide in PBS. Nonspecific binding was bW 
by incubating sections with 10% normal goat serxirn'mfl 
for 20 mm at room temperature (RT). Sections were thS^T 
bated m rabbit anti-human GSTOl-1 (1:300) in antibodjf ? 
ent (1% bovine serum albumin, 0.05% sodium azide:%' 
overnight at RT in a moist box. Pre-immune rabbiiSL 
(1:300) and antibody diluent served as negative controlll 
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GST01 - 1 expression in human lung, showing cytoplasmic staining in lung macrophages, (b) Background staining in human 
addition of only preimmune rabbit serum. Original magnification x 100. 

iin 4 - ( ? GST01 ' 1 in the human Iiver > showing staining of hepatocyte nucleus, nuclear membrane, and cytoplasm, (b) Background 
££g in human liver with addition of only preimmune rabbit serum. Original magnification x 1000. ' " ' 



986 



ter 24 hr, sections were washed (three times for 5 min) in 
PBS and incubated with biotinylated goat antiserum to rab- 
bit IgG (1:1000 in PBS) (Vector Laboratories; Burlingame, 
CA) for 1 hr at RT. Sections were washed with PBS and 
streptavidin (Vector Laboratories) labeled with horseradish 
peroxidase (1:1500 in PBS). Peroxidase activity was developed 
using 3,3'-diarninobenzidine. Sections were counterstained 
with hematoxylin, then dehydrated, cleared, and mounted. 
Sections were viewed by a pathologist and photographed. 

Results 

The distribution and localization of GSTOl-1 in hu- 
man normal tissues are summarized in Table 1. Cyto- 
plasmic staining of GSTOl-1 was observed in most 
tissues. Of note, there was staining in endocrine cells 
(e.g., thyroid (Figure 1), pancreas, Leydig cells of tes- 
tis, neuroendocrine cells of the colon, stromal cells of 
ovary), glial cells (Figure 2), macrophages (Figure 3), 
hepatocytes (Figure 4), and epithelial cells in some but 
not all tissues. 

In many tissues, GSTOl-1 was seen in only one cell 
type (Table 1). For example, GSTO was expressed in 
neuroendocrine cells in the colon, macrophages in 
lymph nodes, tubular cells of kidney, and glial cells of 
the brain. In the skin and lung (Figure 3), staining was 
seen only in macrophages. GSTOl-1 was not detected 
in endothelial cells, smooth muscle cells, or lympho- 
cytes in any organ examined. 

Nuclear staining was seen in glial cells, myoepithe- 
lial cells of the breast, neuroendocrine cells of colon, 
fetal myocytes, hepatocytes, biliary epithelium, ductal 
epithelium of the pancreas, Hoffbauer cells of the pla- 
centa, and follicular and C-cells of the thyroid (Table 1). 

Discussion 

Recently, Board et al. (2000) reported the character- 
ization of a new class of GSTs termed omega (GSTO). 
Northern blotting analysis and screening of EST data- 
bases suggested expression of GSTOl-1 in a wide 
range of human tissues (Table 1). Using irnrnunohis- 
tochemical analysis of human tissues we have con- 
firmed widespread expression of GSTOl-1 and in ad- 
dition have gained information about the cellular 
location of GSTOl-1 and the cell types in the tis- 
sues that express GSTO. Specifically, GSTOl-1 was 
localized in the nuclei and nuclear membranes of 
many cell types, including glial cells, myoepithelium of 
the breast, neuroendocrine cells of colon, fetal myo- 
cytes, hepatocytes, biliary epithelium, ductal epithe- 
lium of the pancreas, Hoffbauer cells of the placenta, 
and follicular cells of the thyroid (Table 1). GSTs are 
usually thought to be cytoplasmic enzymes. However, 
nuclear localization has been recognized. Nuclear ex- 
pression of GSTP has been reported in normal epithe- 
lium of esophagus (van Lieshout et al. 1999) and cer- 
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vix (Randall et al. 1990) and in neoplastic lesions 
skin (Shimizu et al. 1995), cervix (Randall et a H r ¥ 
1990), esophagus (van Lieshout et al. 1999), mouth^ 
(Zhang et al. 1998), and gliomas (Ali-Osman et^jiS 
1997). Nuclear expression of a theta class GST^t® 
(GSTT) has also been observed in hepatocytes and Sii^^ 
• duct cells (Quondamatteo et al. 1998). The biologi^^p 
role of nuclear GSTs presumably relates to protecdon^i 
of DNA from xenobiotic and oxidative injuryfMf^ 
breakdown of peroxidized DNA (Ketterer et. ; ;af^8 
1987). Although a complete study of the nuclear^xlp 
pression of GSTs is not available, it does appear tha^ft 
GSTOl-1 is unusual in the extent of its expressioltlS 
within the nuclei of many tissues. *l::^fM 

The potential nuclear activity of GSTOl-1 
known. A mouse GST called p28 with 72% sequ^^^ 
identity with GSTOl .and clearly a member, oflfif^ 
omega class has been identified in a radiation-resi^tant^l 
cell line (Kodym et al. 1999). Kodym et al. (199£f||S 
ported that p28 moves from its cytosolic locario^w^P 
3T3 cells to the nucleus in response to heat shockfanlt^ 
suggested that p28 is a component of the stxessSr^" 
sponse mechanism. Board et al. (2000) suggestekthflfl 
GSTO 1-1 has a significant role in the cellular respp|^p 
to oxidative stress because of its dehydroascorbat^^^^ 
ductase and thioltransferase activities. Together - tj|dsll^ 
observations indicate that GSTOl-1 may have aii!mf||| 
portant role as a nuclear antioxidant system. Recjen^^ 
studies have predicted structural similarities betwe^^ 
the omega class GSTs and CLIC-1, a soluble prfMnfp 
that forms nuclear chloride channels (Valenzuela^all^ 
1997; Tulk et al. 2000; Dulhunty et al. 2001)^l||p 
not yet clear if GSTOl-1 is also capable of formjn|t||i 
channels in the nuclear membrane. The moiecuffiffi^ 
bases for the. nuclear membrane interactions exhibi^^ 
by GSTOl-1 and CLIC-1 are yet to be determinei^'jS 
However, there may be a common mechanism, ^eff^^ 
the predicted structural similarities. : ; -^^^T 

An additional advantage of immunohistocher^gp 
techniques over Northern blotting analysis aniijf ^ 
screening is the ability to determine which cells ir|p 
tissue express GSTO. For example, we found 
expression in neuroendocrine cells of the colonv^|^^ 
rophages in lymph nodes, Hoffbauer and cyto^^ij^^p 
blastic cells in the placenta, and glial cells in the 
In the skin and lung, expression of GSTOl-1 wa^s^n^j 



only in macrophages. It is likely that expressi(^^^^ 
GSTO in lung and skin detected by Northern. b|o^m|^^ 
and EST database screening (Board et al. 200&^^^ 
fleets expression of this gene in macrophages'. rat^ 
than cells specific to skin and lung. GST01;||$g^ 
found in epithelial cells in the upper gastrointesto^^ 
tract and organs (esophagus, stomach, biliary£err r 
thelium, centroacinar and intercalated duct celfe| 
pancreas) but not in the epithelium of the lower* 
trointestinal tract. There also appeared to be 
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^spread expression in endocrine cells (follicular cells of 
prhyroid, Leydig cells of testis, stromal cells of ovary, 
^neuroendocrine cells of colon). 

The widespread distribution of GSTOM suggests 
|that it has important biological functions. It is possible 
|hat the glutathione-dependent dehydroascorbate re- 
lauctase and thiol transferase activities of GSTOl-1 
|rnay be generally required for normal cellular pro- 
cesses (Board et al. 2000). Despite its charaaeristic 
GST-iike fold, GSTOM clearly exhibits a number of 
9 typical structural and functional features (Board et 
f . 2000; Dulhunty et al. 2001). The pattern of expres- 
sion of GSTO may reflea the particular requirements of 
these tissues for specialized xenobiotic metabolism, anti- 
oxidant activity, or ion channels not provided by other 
-STs. Our observations that GSTOM can modulate 
Jhe calcium release activity of cardiac ryanodine re- 
|ptors have revealed a novel role for this protein. Be- 
ause ryanodine receptors are found in the endoplas- 
mic reticulum of many cells, this new role is compatible 
with the wide distribution of GSTOM. 
Jin conclusion, GSTOM, like other GSTs, has a 
jstinct pattern of tissue expression. In particular, we 
oted expression in nuclei of many tissues. These ob- 
lations, coupled with, prior understanding of the 
nique activity of GSTOM, suggest biological func- 
pris not shared with other GSTs. 
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